Journal of Functional Materials
ISSN: 1001-9731

Volume 31 | Issue 1| Year 2024
https://journaloffunctionalmaterials.com/

Advancements in Quantum Harmonics

Kai R. Jensen, Sofia M. Rodriguez

European Institute of Theoretical Physics, Berlin, Germany

AbstracfTKLVSDSHUSUHVHQWVWKHHITHFWRIFRQFUHW
HFRPSUHVVLYH
VWUHQIWKDQGUHFWDQIXODULW\UDWLRRQVWUHQJ
WKDQGGXFWLOLW\RIQRUPDO DQG KLJK VWUHQIWK
UHLQIRUFHG FRQFUHWH FROXPQV FRQILQHG ZLWK
WUDQVYHUVH VWHHO XQGHU D[LDO FRPSUHVVLYH
ORDGLQJ 1ILQHWHHQ QRUPDO
VWUHQJWKFRQFUHWHUHFWDQIXODUFROXPQVZLWKG
LIIHUHQWYDULDEOHVWHVWHG
LQWKLVUHVHDUFKZHUHXVHGWRVWXG\WKHHITHFWRI
FRQFUHWHFRPSUHVVLYH
VWUHQJWKDQGUHFWDQIXODULW\UDWLRRQVWUHQIJ
WKDQGGXFWLOLW\RIFROXPQV
7KHSDSHUDOVRSUHVHQWVDQRQOLQHDUILQLWHHOH
PHQWDQDO\VLVIRUWKHVH
VSHFLPHQVDQGDQRWKHUWZHQW\KLIKVWUHQIWKFR
QFUHWHVTXDUHFROXPQV
WHVWHGE\RWKHUUHVHDUFKHUVXVLQJ$16<6ILQLWH
HOHPHQWVRIWZDUH 7KH UHVXOWYV LQGLFDWH WKDW
WKH D[LDO IRUFH + D[LDO VWUDLQ UHODWLRQVKLS
REWDLQHG IURP WKH DQDO\WLFDO PRGHO XVLQJ $16<6

DUH LQ JRRG
DJUHHPHQWZLWKWKHH[SHULPHQWDOGDWD7KHFRPS
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$16<6LVFDSDEOHRIPRGHOLQIDQGSUHGLFWLQJWKHDF
WXDOQRQOLQHDU EHKDYLRU RI FRQILQHG QRUPDO
DQG KLIKVWUHQJWK FRQFUHWH FROXPQV XQGHU
FRQFHQWULF ORDGLQJ 7KH PD[LPXP DSSOLHG ORDG
DQG WKH PD[LPXP VWUDLQ KDYH DOVR EHHQ
FRQILUPHG WR EH VDWLVIDFWRU\ 'HSHQGLQJ RQ WKLV
DJUHHPHQW EHWZHHQ WKH H[SHULPHQWDO DQG
DQDO\WLFDO UHVXOWYV D SDUDPHWULF QXPHULFDO
VWXG\ ZDV FRQGXFWHG E\ $16<6 WR FODULI\ DQG
HYDOXDWH WKH HIITHFW RI HDFK YDULDEOH RQ
VWUHQIWKDQGGXFWLOLW\RIWKHFROXPQV
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A.Evaluation of Tested Columns
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B.Evaluation of Column Strength

DQGXQFRQILQHGFRQFUHWH [1Hjze. VZDVFRPSXWHGE\
7KH
FRUHFDSDFLW\ZDVHVWDEOLVKHGE\VXEWUDFWLQJ
WKHFRQWULEXWLRQ RI ORQILWXGLQDO
UHLQIRUFHPHQW IURP WKH UHFRUGHG FROXPQ
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C.Evaluation of Column Deformability
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C.Element Meshing
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VPDOOFXELFDORUUHFWDQJXODUHOHPHQWVDVVK
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FROXPQVSHFLPHQVUHLQIRUFHGZLWKORQJLWXGLQ
DODQGWUDQVYHUVDO
UHLQIRUFHPHQWHOHPHQWVZHUHFUHDWHGDFFRU
GLQJWRWKHORFDWLRQ RI UHLQIRUFLQJ EDUV
HLWKHU WKH ORQILWXGLQDO RU ODWHUDO
UHLQIRUFHPHQW DV ZHOO DV WKH FROXPQ
VSHFLPHQ FURVV + VHFWLRQDO SHULPHWHU %\
XVLQJ PHUJH LWHPV LQ $16<6
62/,DQG/LQNHOHPHQWVFDQEHLQWHUFRQQHFWHGR
QHWR
DQRWKHUIRUPLQJDVLQJOHVROLGFROXPQPRGHOZK
LFKLVFDSDEOH RI VLPXODWLQJ WKH DFWXDO
EHKDYLRU RI UHLQIRUFHG FRQFUHWH

FROXPQ

)LI'RIFRQFUHWHFROXPQPHVKDQG'Y LHZLQUHLQIRUF
HPHQW

D.Loads and Boundary Conditions
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WKHPRGHOWRJHWDXQLTXHVROXWLRQ7RHQVXUH
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WKHVXSSRUWV
DQGORDGLQIJVH[LVW)RUDOOFROXPQVPRGHOVWKH
GLVSODFHPHQW
RIDOOQRGHVDWWKHERWWRPEDVHRIWKHFROXPQL
Q\GLUHFWLRQ ZDVKHOGS\
7RVLPXODWHWKHHIIHFWRIWKHVWHHOSODWH

ZLWKPPWKLFNQHVVDQGPPKHLIKWDURXQGWKHFR
OXPQV
IDFHVDWWKHERWWRPDQGWRSRIWKHFROXPQWKH
GLVSODFHPHQWRI
QRGHVDWWKHFROXPQVIDFHVZKLFKDUHSDUDOOH
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WKHERWWRPDQGWRSIDFHVRIWKHFROXPQ7RDSSO\
WKHD[LDO
ORDGRQWKHWRSRIWKHFROXPQVSHFLPHQVDQD[LD
OSUHVVXUH
ZDVLPSOHPHQWHGRYHUWKHHQWLUHWRSVXUIDFH
RIWKHFROXPQ PRGHO

E.Discussion

FRQFUHWHVWDUWHGWRGHYHORSLQHOHPHQWVO
RFDWHGRXWVLGHWKH

WUDQVYHUVHUHLQIRUFHPHQWZKLFKLVXQFRQILQ
HG6XEVHTXHQWO\
DGMDFHQWFRQFUHWHHOHPHQWVFUXVKHGZLWKL
QVHYHUDOORDGVWHSV
DVZHOOVLIQLILFDQWO\UHGXFLQJWKHORFDOVWLII
QHVV)LQDOO\WKH VROXWLRQ GLYHUJHG
JKHUHIRUH LQ WKLV VWXG\ WKH FUXVKLQJ
FDSDELOLW\ZDVWXUQHGRIIIRUWKHXQFRQILQHGH
OHPHQWYV)RUWKH
UHLQIRUFHGFRQFUHWHFROXPQVWKHFRQVLGHUHG
FROXPQDUHDLV WKH FRQILQHG DUHD XS WR WKH
FHQWHU OLQH RI WUDQVYHUVH
UHLQIRUFHPHQWLWLVPDWFKLQJZLWKWKHDVVXPS
WLRQWKDWWKH
SHDNORDGRIWKHFROXPQVDQGPD[LPXPVWUHQIWK
GXULQJ
H[SHULPHQWDOWHVWVZHUHFDUULHGE\WKHFRQIL
QHGDUHDDIWHU
VSDOOLQJRIFRQFUHWHFRYHU7KHILQDOORDGDSSO
LHGIURPILQLWH
HOHPHQWDQDO\VLVLVWKHODVWORDGEHIRUHWKH
VROXWLRQGLYHUJHG
'XULQIWKLVVWXG\YHULILFDWLRQLVFDUULHGRXW
LQRUGHUWRFKHFN
WKHYDOLGLW\DQGDFFXUDF\RIWKHILQLWHHOHPHQ
WSURFHGXUH7KH
DFFXUDF\ZDVGHWHUPLQHGE\HQVXULQIWKDWD[LD
OIRUFHD[LDO
VWUDLQVUHODWLRQVKLSPD[LPXPVWUHVVPD[LPX
PVWUDLQDQG PD[LPXP ORDG LV UHDVRQDEO\
SUHGLFWHG FRPSDUHG ZLWK
H[SHULPHQWDOUHVXOWYV
7KHD[LDOIRUFHD[LDOVWUDLQFXUYHVREWDLQH
GIURP$16<6
VROXWLRQ3\DQGI\DUHFRPSDUHGZLWKH[SHULPHQ
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A.Concrete Compressive Strength
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. TKHDEVROXWHJIDLQLQVWUHQIWKGXHWRFRQILQHPHQWFDQ
EHFRPSXWHGDV
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FRQILQHGPRUHWKDQWKRVHZLWKORZHUVWUHQJWKFRQFUHWHV

B.Aspect Ratio
JURPWKHH[SHULPHQWDOSURJUDPUHVXOWYVFRPSD

f'ec 7 f'co
O.

o t
0005 0.0075 0.01 0.0125 0.015 0.0175

Strain (mm/mm)

ULQJEHWZHHQ

WKHSDLUVRIUHFWDQJXODUFROXPQV&DQG&DVVKRZQLQ
7DEOHYV,,,.DQG,9WKHUHVXOWVLQGLFDWHGWKDWERWKVWUHQJWKDQG

GXFWLOLW\RIFRQILQHGFRQFUHWHIRUFROXPQ&ZLWKFRQFUHWH
VHFWLRQ[PPVKRZHGDEHWWHUHQKDQFHPHQWLQ FRQILQHG FRQFUHWH FRPSUHVVLYH VWUHQJWK DQG

GXFWLOLW\ FKDUDFWHULVWLFVPRUHWKDQ&ZLWKFRQFUHWHVHFWLRQ[ PPDVVKRZQLQ)LJ

JURPWKHILQLWHHOHPHQWDQDO\VLVGRQHE\$16<6SURJUDP
DQGFRQVLGHULQJWKHVDPHSURSHUWLHVIRUWKHFROXPQVDW7DEOH

9,,,DVOSDFRQFUHWHFRPSUHVVLYHVWUHQJWKO0SD
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\LHOGVWUHQJWKIRUORQIJLWXGLQDOUHLQIRUFHPHQWO0SD\LHOG
VWUHQJWKWUDQVYHUVHUHLQIRUFHPHQW6SDFLQJEHWZHHQWLHVLQ ORQJLWXGLQDOGLUHFWLRQ6

PPZLWKGLIIHUHQWDVSHFWUDWLR

WKHUHVXOWVLQGLFDWHWKDWWKHVWUHQIWKRIFRQILQHGFRQFUHWHIRU

VTXDUH FROXPQ VKRZHG EHWWHU HQKDQFHPHQW PRUH WKDQ
UHFWDQJXODUFROXPQVDQGWKHHQKDQFHPHQWLQFRQILQHGVWUHQIJWK)LJ(ITHFWRIVHFWLRQJHRPHWU\
GHFUHDVHVE\LQFUHDVLQJWKHUDWLREHWZHHQWKHORQIGLUHFWLRQ
DQGWKHVKRUWGLUHFWLRQRIUHFWDQJXODUFROXPQV

7$%/(9,,,
0)(&72)6(&7,21%(20(75<21821),1(&218&5(7(82035(66,9(675(1%7+

/RQILWXGLQDOSHLQIRUFHFRQFUHWHFR $SUHDRI7LHVewn &&

&ROXPQV/DEHO
R $UHDPP

GLPHQVLR

PP 1 1 SD

&65
&65
&65
&65
&65
&65
&65
&65

7KHUHVXOWVLQGLFDWHGWKDWWKHVWUHQIW
KRIFRQILQHGFRQFUHWH
IRUVTXDUHFROXPQVKRZHGEHWWHUHQKDQFHPHQ
WPRUHWKDQ
UHFWDQJXODUFROXPQVDQGWKHHQKDQFHPHQWL
QFRQILQHGVWUHQIWK
GHFUHDVHVE\LQFUHDVLQJWKHUDWLREHWZHHQW
KHORQJGLUHFWLRQ
DQGWKHVKRUWGLUHFWLRQRIUHFWDQJXODUFROX
PQV

9&21&/86,21

%DVHGRQH[SHULPHQWDOSURJUDPDQGWKHILQL
WHHOHPHQW
DQDO\VLVDQGGLVFXVVLRQDERYHWKHIROORZLQIF
RQFOXVLRQVFDQ

EHGUDZQ

OA

&RQILQHGFRQFUHWHFRPSUHVVLYHVWUHQIWKLQWK
HPHPEHU oH
8QFRQILQHGFRQFUHWHFRPSUHVVLYHVWUHQIWKLQP

HPEHU o0 SOWLPDWH FRPSUHVVLYH VWUHQIJWK

FRQFUHWH REWDLQHG IURP
VWDQGDUGF\OLQGHUWHVW Iwavw
OD[LPXP6WUHVVFDUULHGE\FRQFUHWHFRUHDFFRUGL
QIWRWHVW UHVXOWYV fiong
<LHOGVWUHVVIRUWKHORQJLWXGLQDOUHLQIRUFHPH
QW fj/ ties
<LHOGVWUHVVIRUWKHWUDQVYHUVDOUHLQIRUFHPH
QW 3s& OD[LPXPORDGFDUULHGE\FRQFUHWHFRUH 3)ss
OD[LPXP D[LDO ORDG FDUULHG E\ FROXPQ DV
REVHUYHG LQ $16<6PRGHO 37avw
OD[LPXPD[LDOORDGFDUULHGE\FROXPQDVREVHUYHGL
QWHVW 6 6SDFLQJ RI WUDQVYHUVH
UHLQIRUFHPHQW LQ WKH ORQJLWXGLQDO
GLUHFWLRQ U
9ROXPHWULFUDWLRRIWUDQVYHUVHUHLQIRUFHPHQ
w
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